Objective: To evaluate the impact of creating a sick newborn care unit (SNCU) in a district hospital on neonatal mortality rate (NMR).
Introduction
An estimated 130 million babies are born each year and about 4 million of them die in the neonatal period. 1 Globally, neonatal deaths as a proportion of child deaths are increasing. Nearly 99% of all neonatal deaths occur in low-and middle-income countries. A quarter of the global neonatal deaths occur in India and little progress has been made in reducing it in the last decade ( Figure 1) . A combination of universal outreach and familycommunity care intervention at 90% coverage has been estimated to avoid 18 to 37% of neonatal deaths. 2 These interventions include family care of the newborn, essential newborn care, resuscitation of the newborn, care for low birth weight babies, and emergency newborn care. However, concurrent expansion and scaling-up of clinical care for sick neonates is essential to achieve the reduction in neonatal deaths to meet the millennium development goal for child survival. 2 Further, inequity is high for neonatal care requiring skilled clinical interventions. Strengthening the clinical services within the health care system is therefore a much needed and neglected component of a comprehensive intervention for reducing neonatal deaths.
In the State of West Bengal in India, the neonatal mortality rate (NMR) is reported to be 30 and the program to reduce it has not been successful ( Figure 1 ). We earlier proposed that just as reduction of maternal mortality rate requires facilities for Caesarian Section and blood transfusion (emergency obstetrics care) in addition to antenatal care, effective and accelerated reduction of NMR needs back-up support of modern sick newborn care in hospitals with a large number of deliveries. [3] [4] [5] In addition, sick newborn stabilization units at smaller hospitals in the periphery and optimum transportation of ill neonates to sick newborn care units (SNCUs) are needed to support a meaningful referral mechanism for primary newborn care. In a preliminary report, we have shown that creating and running a small modern SNCU, based on level II criteria of the National Neonatology Forum, India 6 in a remote and underdeveloped district can have a substantial impact on NMR of the whole district. 4 In this communication, we report the results of 2 years of follow-up of such a functioning unit and its impact on the NMR at the district hospital and the calculated impact on the whole district.
Materials and methods
Purulia, a poor and underdeveloped district of India (Table 1) with a high NMR of 55 was selected to create a near level II SNCU 6 in the district hospital with a large number of deliveries. There was no sick newborn care facility, government or private, in the district and facilities for Cesarean section and blood transfusion were only available in the district hospital. The sick neonates in the 500-bed Purulia District Hospital with 6500 deliveries per year (approximately 10% of all deliveries in the district) were treated in the extremely overcrowded children ward, often sharing beds and receiving care characterized by limited human and other essential resources. The NMRs of inborn and outborn neonates were unacceptably high. According to Reproductive and Child Health program data (RCH 2003-04), more than 51% deliveries of Purulia took place at home and 40.7% deliveries took place in Government health facilities.
Facilities created in the SNCU
After intensive planning and training, a 14-bed SNCU (estimated requirement 40 beds) was developed in the district hospital, Purulia in September 2003 with support from UNICEF, Zilla Parishad (Local Self Government) and Society for Applied Studies Trust. The SNCU became fully functional from November 2003. The SNCU provided modern level II sick newborn care facilities that included, controlled environment, individual warming, and close-monitoring devices. Oxygen is supplied to each bed by central pipeline oxygen and oxygen concentrators. Each SNCU bed is a servo-controlled radiant warmer. Every SNCU admitted neonate is monitored by individual pulse oximeters and multiparameter monitors (including intravascular arterial pressure). Intravenous fluids and medications are administered by mechanical pumps. Vital sign monitoring chart and fluid charts are maintained by for each bed by trained nurses. Bedside procedures such as resuscitation, exchange transfusion, portable X-ray, and in house laboratory service are continuously available. The SNCU has back-up generator for electricity failure. Each SNCU bed has its own resuscitation equipment as recommended by NNF-AAP. In addition, we also equipped the labor room and operation theater with radiant warmers and resuscitation equipment. Resuscitation equipment included slow suction apparatus, autoclavable, or disposable suction catheters, disposable mucus traps, autoclavable siliconized self-inflating resuscitation bag with valve assembly including pressure-release valve and oxygen and air inlets and oxygen reservoirs, round cushioned masks of sizes 0 and 00, neonatal laryngoscopes with straight blades and disposable endotracheal tubes (sizes 2.5, 3, and 3.5). However, the SNCU did not have facilities for mechanical ventilation and specialized neonatal surgery. The unit was also used for training of doctors and nurses from SNCUs of other districts.
Data of the live births and all neonatal admissions in the pediatric ward from January to August 2003 were retrospectively collected. The differentiation between the inborn and outborn neonates admitted to the pediatric ward could not be performed as that was not available from hospital records. The data on all inborn and out born neonates for September and October 2003 were prospectively collected. These data were combined (January to October 2003) and used as baseline data (as SNCU was not fully functional till November 2003) for comparison. The SNCU was staffed by relocated manpower from within the district as no separate posts were created for the SNCU by the State Government.
Newborn aides
To partly overcome the severe shortage of trained nurses for the SNCU, we developed the concept of Newborn Aides, a group of young women volunteers from the locality trained to share basic care of sick and normal neonates under the guidance of trained nurses. Local young women with 10-12 years of school education received introductory talks by the SNCU doctors and were put on rotation duty with the trained nurses on one-to-one basis and received hands-on-training for 6 months. Progress was assessed by ongoing internal evaluation and practical examinations at 3 and 6 months. An additional 6 months 'internship' with rotation duty in the labor room, maternity ward, pediatric ward, and SNCU completed the training of these aides. Their technical skill, motivation, and acceptability were rated as exceptionally good by the SNCU doctors and nurses. Training and sustaining newborn aides partly addressed the problem of human resource constraint On the basis of the Government of West Bengal and Local Self Government sources.
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for the SNCU at the district hospital. The details have been described elsewhere. 7 Newborn care in pediatric ward About 30% of admitted patients in the pediatric ward were neonates both during baseline and intervention periods. Initially the nursing staffs working in the pediatric ward were trained in basic neonatal care by the study team. They had regular interaction with the specially trained nursing staff of the SNCU. The trained medical staff of SNCU took regular rounds of the sick inborn neonates admitted in the pediatric ward and also evaluated the sick inborn and outborn neonates for their need of SNCU care. Many sick neonates could not be provided SNCU care because of shortage of beds in the SNCU and had to be managed in the labor room, postnatal ward (inborn) or pediatric ward (inborn and outborn) as well.
Data collection and analysis
Preselected information was recorded from the hospital forms related to all neonates in the hospital (hospital born and admitted in children ward) from January to August 2003 retrospectively and related to all neonates in the hospital (hospital born or referred from outside) wards, for example in the labor room, postnatal ward, pediatric ward, and SNCU, prospectively. Data were computerized on a daily basis in pretested data forms. Monthly and annual summaries were derived from these computerized data. The rates and proportions and the confidence intervals were calculated using a software EPI Info Version 6.04d (CDC, Atlanta, USA). This project to improve health care in a backward district of West Bengal, India, particularly for newborn care was approved by UNICEF India and the Government of West Bengal. The project was also approved by the Ethics Review Committee of the Society for Applied Studies.
Results
As expected, development and functioning of an SNCU created awareness among doctors and nurses of the hospital. As stated earlier, the nurses of the pediatric ward also attended orientation workshop on neonatal care at the start. Further, the trained doctors and nurses at the SNCU were available round the clock and their assistance could be sought by the pediatric and maternity ward and the labor room. We therefore pooled data on deaths in SNCU, pediatric ward, postnatal ward, and labor room during the first 2 years of operation and also evaluated the data for inborn and outborn neonates separately (data not shown). 
Birth weight and gestation of SNCU admitted neonates
Before initiation of the project in September 2003, birth weights had been measured by spring balance with discrimination of ±50 g and assessment of gestational age was not recorded at all. With introduction of SNCU service, gestation of the admitted neonates was assessed and weights were measured by digital scale of 1 g accuracy. During the first year of SNCU service (September 2003 to August 2004
Neonatal deaths in labor room
The baseline inborn neonatal deaths in labor room are shown in Table 2 Neonatal deaths at the district hospital and SNCU The neonatal deaths in the hospital during the baseline period and two consecutive years of functioning of the SNCU were compared in Table 3 . Compared with baseline, combined neonatal mortality in pediatric ward and SNCU was reduced by 13.8% in the first year and by 20.8% in the second (w 2 for trend ¼ 15.07; P ¼ 0.0001). The neonatal deaths in the SNCU for two consecutive years of operation were shown in Table 4 . Compared with the first year of operation of the SNCU, there was a decline in mortality in the second year by about 35% (P ¼ 0.011, OR ¼ 0.65 (95% CI: 0.46 to 0.92)).
Estimated impact of the SNCU on number of neonatal deaths averted in labor room of the district hospital
The training associated with introduction of SNCU also improved labor room practices and neonatal survival. Compared with the baseline labor room neonatal mortality (21.7 per 1000 live births), the labor room neonatal mortality during the first year of operation (15.3 per 1000 live births) was reduced by 6.4 per 1000 live births. Thus for 6010 live births during that period, 38 more neonatal lives were saved ((6.4 Â 6010)/1000). Similarly, compared with the baseline labor room neonatal mortality (21.7 per 1000 live births), the labor room neonatal mortality during the second year of operation (12.2 per 1000 live births) was reduced by 9.5 per 1000 live births. Thus, for 6704 live births during that period, approximately 64 neonatal lives were saved ((9.5 Â 6704)/1000) ( Table 2) . 
Estimated impact of SNCU on reduction of neonatal mortality in Purulia district
On the basis of available published data on the district, we have made projections on the likely impact such an SNCU can have on the NMR of the district as a whole. This estimate has some Abbreviations: NMR, neonatal mortality rate; SNCU, sick newborn care unit. P ¼ 0.011, OR ¼ 0.65 (95% CI: 0.46-0.92). Compared with the first year of operation of the SNCU, there was a decline in mortality in the second year by about 35%.
Sick newborn care in district hospitals reduces NMR A Sen et al limitations due to the assumptions involved; it is however mainly to assist informed opinion of the health planners and policy makers. To estimate the impact of reduced NMR at the district hospital on the NMR of the whole district, we used the number of deaths averted, the estimated number of babies born in the district (based on population and birth rate of the district), and the estimated neonatal deaths in the district (based on population, birth rate, and NMR) to calculate the impact on the NMR of the whole district. In the absence of SNCU, 
Discussion
We have shown in this study that it is feasible to create an effective modern SNCU in a district hospital in the health care system by largely mobilizing internal resources. By introducing a trained group of volunteer health assistants (newborn aides), we could partly mitigate the chronic shortage of trained nurses. The high visibility of such a unit was found attractive to the health authorities and concerned decision makers and it helped generate a feeling of ownership by the Local Self Government; all of these are helpful for sustainability and replication of this model. In our earlier preliminary report, we used 2-months of observation period (September/October, 2003), when the SNCU was being established and the staff was being trained. During this period, the unit was not fully functional and we could collect data prospectively on the total number of deliveries and number of neonates died in this hospital. The fact that we did not have a full years' data to compare made evaluation of the impact of a modern SNCU on NMR difficult. Now we have added baseline data for 10 months before introduction of SNCU for comparison. However, two consecutive years' data that showed consistent fall in NMR from first year of operation of SNCU to the second year gives us confidence in the stated impact on mortality reduction. We also compared the death rates in the months of September/October 2003, the comparison group with those for the same months in 2004 and in 2005 when the SNCU was operational and we noted a consistent significant fall in NMR (w 2 for linear trend ¼ 6.63, P ¼ 0.01). This finding partly addresses the problem arising from seasonal variation in neonatal deaths.
In 2 years (November 2003 to October 2005), 329 newborn deaths could be averted in the district hospital alone. This enhanced neonatal survival could reduce the estimated NMR of the district by 7 per 1000 live births in 2 years. Our calculations (not shown) also indicate that the estimate is robust to some variation (up to 10%) in the estimated total neonatal deaths of the district.
Apart from the fact that a modern SNCU remained operational within the government health system in a remote district hospital of a district with poor developmental indicators, that it had consistent impact in reducing NMR of the district for 2 consecutive years is remarkable.
We also need to consider the issues such as how affordable, deliverable (scaling up), and sustainable is this initiative. This model of newborn care is now functioning in four more districts of the State and in the only referral hospital of Andaman and Nicobar Islands. That the state government has already taken the initiative to replicate this model in four other district hospitals suggests that it is affordable and deliverable. For the latter, we speculate that a political will, a sense of ownership by the Local Self Government and probably an enabling mechanism are of relevance. For sustainability, one needs to address human resource constraint, ongoing training need, some financial support, and an enabling mechanism. A large number of politicians, dignitaries including public health experts and opinion makers from within and outside the country visited the unit and found it very attractive. It generated a sense of competition among district authorities and active interest by other states in India.
Agarwal et al. 8 described the mortality effect of strengthening sick newborn care at a leading teaching hospital of India. Although their model of care may be replicated in teaching hospitals with preexisting SNCUs (mainly a handful of teaching hospitals in India), it is not relevant for the overwhelming majority of the district hospitals in India which have no separate newborn care unit. We earlier reported an affordable local model of clinical care for sick neonates in remote district hospitals with positive impact on neonatal mortality. [3] [4] [5] Experience over two years of follow up shows that this model of care has consistent beneficial impact on newborn deaths.
Shortage of trained nurses and doctors in the newborn care system is not likely to be solved easily and soon. Our innovation of creating a group of newborn aides volunteers by training young women with some education from the neighborhood was found useful in partially mitigating the shortage of nurses. 7 This group of assistants was involved in sustaining this set up at a good level of service. They were introduced during the second year of operation of the SNCU.
We conclude that although a combination of universal familycommunity care interventions has been shown to substantially reduce neonatal deaths in a developing country, the additional creation of a modern SNCU in a remote district hospital can additionally reduce neonatal mortality.
